Abstract Human serum paraoxonase-1 (PON1), an enzyme on HDL prevents oxidation of LDL thereby preventing the development of atherosclerosis. Studies done so far have lead to conflicting results. As
Introduction
With increasing industrialization in developing countries, the incidence of coronary artery disease (CAD) is rising rapidly in them like in India [1] . Paraoxonase-1 (PON1) an HDL associated Aryl-dialkylphosphatase, protects lipoproteins from peroxidation [2] . In addition it also hydrolyzes the oxidized LDL-C as has been shown both in vivo and in vitro studies [3, 4] . Though it is mainly a lactonase [5] , it can hydrolyze a variety of organophosphates and arylesters like phenylacetate [6] as it has inherent paraoxonase and arylesterase activity.
Though PON1 gene has nearly 200 single nucleotide polymorphisms (SNP's) [7] , the widely studied SNP's are those in coding region i.e. Q192R [rs662] and L55 M [rs854560] [8] . Studies have shown that variations in PON1 polymorphism can be an independent risk factor for CAD and acute myocardial infarction (AMI) [9, 10] . However, results are controversial. Two recently published large case-control studies where PONase activity and genotypes were determined in angiographically proven CAD and controls, concluded that PONase activity was more significantly related with CAD as compared to variations in PON1 genotype [11, 12] .
The PONase activity has been shown to be lower after AMI [13] . It is also lower in patients with familial hypercholesterolemia and diabetes mellitus, who are more prone to CAD [14] . This has led to the hypothesis that the lower the PONase activity, higher will be the accumulation of oxidized LDL and risk of CAD. Four large prospective studies undertaken till date to find association between serum PONase activity and CAD risk have been inconclusive. Caperhilly study [15] revealed that low activity predisposed to CAD whereas PRIME and EPIC Norfolk studies [16, 17] could not find any significant difference in activity between CAD patients and controls. The study in Dutch women in contrast concluded that increased PONase activity increased the risk of CAD [18] .
Similarly the case control studies of serum PONase activity in AMI patients have shown conflicting results. In some studies, it was found to be significantly lower in patients with AMI as compared to controls [13, [19] [20] [21] . However, others failed to reveal any statistically significant difference in it [22] [23] [24] . There exists a wide variation in PONase activity in different ethnic groups and within individuals in the same ethnic group [25] . Singh et al. [26] have shown that healthy North-West Indian Punjabi's have lower PONase activity as compared to Caucasian Whites. In the present study, we determined serum PONase activity and lipid levels in patients with AMI in acute phase and at 6 weeks and compared with that in age and sex matched healthy controls and stable angiographically proven CAD patients in this population which has an high incidence of CAD.
Materials and Methods

Patients
The study included three groups: 100 patients with AMI (with in 24 h of onset), 100 patients with angiographically proven stable CAD and 100 healthy age and sex matched controls. Only those patients of AMI who reached our emergency within 24 h of onset were recruited. Diagnosis of AMI was based on the clinical history (typical anginal pain or its equivalents), ECG changes (ST segment elevation or depression) and elevation of cardiac biomarkers (cardiac troponin I or CK-MB). Patients with diabetes mellitus, chronic renal disease, chronic liver disease, malnutrition, HIV, recent cardiac intervention were excluded from the study. Ninety-five patients had ST elevation AMI, whereas five had non ST elevation AMI. Seventy patients had anterior/antero-lateral wall infarction whereas 30 had inferior wall AMI. According to Killip's class severity grading, 70 had grade 1 AMI, eight had grade 2, six had grade 3 and 16 had grade 4. Fifty-six patients could be thrombolyzed with streptokinase whereas remaining could not be administered thrombolytic therapy either because they were out of the window period or were having contraindications for thrombolysis. None underwent primary PTCA.
Stable CAD group included patients who were attending the cardiology outpatient of the institute and had significant angiographically proven CAD (C70 % stenosis in one or more coronary arteries). Patients who had acute coronary event 4 weeks prior to were excluded. Similarly those who had diabetes mellitus, chronic hepatic or renal disease as in the AMI group were excluded. All the patients were allowed to continue with their treatment which included statins, aspirin or clopidogrel or both. The control group included 100 adults who were attending the general medical outpatient for health check up and were found to be healthy.
Of 100 patients with AMI, 13 died within 6 weeks whereas 17 did not turn up for follow up. Of 70, who came for follow up, 28 underwent angioplasty and stent placement and four had coronary bypass surgery. Rest were managed conservatively with drugs alone. Biochemical Analysis 5 ml of blood was withdrawn by venepuncture in AMI patients within 24 h of onset and at 6 weeks follow up in fasting state, whereas in controls and stable CAD patients, it was collected between 9 and 10 a.m. after overnight fast. After centrifuging the clotted sample at 3,000 rpm for 30 min, serum was separated and stored at -20°C for further analysis.
The serum PONase activity was measured by a modification of method described by Mackness et al. [27] using paraoxon as substrate. It was measured by adding serum to Tris-HCl buffer (100 mmol/L, pH 8.0) containing 2 mmol/ L CaCl 2 and 5.5 mmol/L paraoxon (O,O-diethyl-O-pnitrophenyl phosphate; Sigma Chemical Co.). The rate of generation of p-nitrophenol was determined at 405 nm. The lipids HDL-C, LDL-C, TG, T-CHO and serum creatine kinase were measured by enzymatic method using autoanalyzer (Hitachi modular P) and Roche diagnostic kits.
Statistical Analysis
Statistical analysis was carried out using SPSS (version 17.0) software. All the study variables are shown as mean ± SD or median (range) depending on the shape of the distribution curve. One way Anova test (KruskalWallis test) was used to compare the data between the three study groups. Chi-square test was used for non-continuous variables. Wilcoxon signed rank test and Student's t test were used to compare the paired groups i.e. AMI group (day 1) and AMI group at follow up (day 42). Spearman's correlation coefficient was used to test the strength of association between the variables. Stepwise multivariate linear regression analysis was undertaken to determine factors affecting PONase activity. The study was approved by institute's Ethics Committee. An informed consent was obtained from all the patients and controls.
Results
Subject Characteristics
The demographic, clinical and baseline biochemical characteristics of the study population are shown in Table 1 . Of the three groups, AMI group had the highest number of smokers where as CAD group had patients with the highest BMI. Both the CAD and AMI groups had significantly higher number of alcohol consumers and hypertensives as compared to controls. The AMI group at presentation to the hospital had significantly lower SBP and DBP as compared to the other two groups.
Biochemical Characteristics
Serum PONase activity was lowest in AMI group (23.26 U/ml), intermediate in CAD group (102.0 U/ml), and highest in healthy controls (179.8 U/ml) with differences between all the three groups being statistically significant (p: AMI vs. CAD \0.05, AMI vs. controls \0.05 and CAD vs. controls \0.05) (Fig. 1) . AMI and CAD patients had significantly lower HDL-C levels and lower PONase/HDL ratio as compared to healthy controls. However, no significant difference was observed between HDL-C levels of AMI and CAD patients. However LDL-C levels were significantly higher in AMI patients as compared to CAD patients and controls. Serum TG and T-CHO levels were similar across all the three study groups (Table 1) .
PONase Activity at Follow up Figure 1 shows PONase activity of AMI patients at the time of admission and at 6 weeks post AMI. The serum PONase activity was significantly higher at 6 weeks post AMI as compared to that at the time of AMI (49.4 %; p \ 0.05). The serum T-CHO and LDL-C levels were significantly lower whereas HDL/PONase ratio was higher. However, no significant difference was observed in serum HDL-C and TG levels ( Table 2) .
Factors Affecting PONase Activity
On univariate regression analysis, we observed that serum PONase activity was significantly lower in smokers (55.68 U/ml) as compared to those who did not smoke (121.50 U/ml; p = 0.0001). Similarly, it was lower in patients with low HDL-C levels (p = 0.0001) and higher LDL-C levels (p = 0.0001). Age, sex, alcohol consumption, hypertension, BMI, serum T-CHO and TG levels did not affect serum PONase activity (Table 3) . However, on multiple linear regression analysis serum PONase activity was found to be independent of all the above variables (data not shown).
AMI patients were subdivided into subgroups based on Killip's severity staging (1, 2, 3 and 4) and site (Inferior vs. anterior/anterolateral) and whether it was ST elevation (STEMI vs. NSTEMI), and these subgroups were further analyzed. No significant difference in serum PONase activity was observed between the various subgroups (data not shown).
Drugs Affecting PONase Activity
We also assessed the effect of various drugs (aspirin, atorvastatin, beta blockers and ACE inhibitors) on PONase activity. The AMI group patients were divided into subgroups based on the doses of the medications being taken. Changes in PONase activity were calculated and were compared between various subgroups to determine if any of the drugs had a significant effect on PONase activity. No significant difference was observed between various subgroups (data not shown).
Discussion
Serum Paraoxonase 1, an aryl-dialkylphosphatase (EC: 3.1.8.1.) associated with HDL-C, has been shown to protect LDL-C from peroxidation. In addition, it also hydrolyzes the oxidized LDL-C, thereby offering protection from atherosclerosis [2] . In several studies it has been shown that patients with CAD have lower serum PONase activity as compared to healthy controls [2, 11, 28] . Further it has been observed to be even more lower in patients with AMI [29] . However, results are not uniform. Because of the conflicting results and lack of information in North-West Indian Punjabi's with AMI, current study was undertaken.
In this study, we compared the serum PONase activity between healthy controls, patients with stable CAD and those with AMI together unlike previous studies. As they lie along the increasing severity spectrum of CAD, it can be postulated that serum PONase activity is inversely related to severity of CAD as it was highest in healthy controls, intermediate in stable CAD patients and lowest in AMI patients. The median serum PONase activity of AMI patients was 23.26 U/ml, which is much lower than in patients with stable CAD in a previous study (57.19 U/ml) by Singh et al. [30] . It is also lower as compared to that in other South East Asian [19, 23] as well as West Asian patients with AMI [21, [31] [32] [33] . The difference in serum PONase activity in AMI patients of different ethnicities could be due to their differing genetic makeup and possibly due to the differences in the life style and food habits.
We also assessed the various factors affecting the serum PONase activity. On univariate analysis we observed it to correlate with smoking, low HDL-C and high LDL-C. However on multiple linear regression analysis, we found that serum PONase activity was not affected by any of these conventional risk factors for CAD. This non-dependence of PONase activity on lipid parameters in this population has been shown in an earlier study by Gupta et al. [28] . At 6 weeks post AMI, there was no significant increase in HDL-C levels despite nearly 50 % increase in serum PONase activity further supporting that PONase activity can increase irrespective of lipids.
In the study by Sentürk et al. [32] serum PONase activity decreased as the severity of AMI increased (no. of coronary arteries involved and clinical severity based on Gensini scoring system). However, in our study, the PONase activity was similar across all the four Killip's severity stages. We also could not observe any significant difference in activity between survivors and non-survivors. Though the difference could have resulted from different clinical scoring systems used in two studies, our study shows that serum PONase activity at time of AMI is not a predictor of severity in these patients. The serum PONase activity was also independent of whether it was STEMI or NSTEMI, which is unlike the study by Serdar et al. [33] , where serum PONase activity was higher in STEMI patients as compared to NSTEMI patients. However, three other studies undertaken in the same population later, did not support this and revealed no significant difference in serum PONase activity between STEMI and NSTEMI patients [21, 31, 32] . Study undertaken by Senturk et al. [31] showed no correlation between site of AMI and PONase activity and our results are similar to this study. The results suggest that though low serum PONase activity predisposes to AMI, it does not affect its site or severity. However, further studies are required to have a better understanding of this.
Patients of AMI were followed up till 6 weeks when serum PONase activity and lipids were studied again and it was observed that in AMI patients, PONase activity increased significantly even though it was still markedly lower as compared to the stable CAD patients.
In a prospective study undertaken earlier in AMI patients by Ayub et al. [29] where serum PONase activity was assessed immediately after AMI and at 6 weeks after AMI, showed similar results. It has been postulated that lower PONase activity in AMI patients could be because it decreased acutely at the time of AMI. It is quite possible that this sudden lowering of PONase activity in a population where low activity already existed predisposing them to CAD, led to acute event. The only definite way to prove or disprove this hypothesis would be to do a prospective population study.
We also assessed the effect of various cardiovascular drugs (statins, beta blockers, aspirin and ACE inhibitors) on change in PONase activity (PONase at Follow upPONase activity at time of AMI). It was observed that none of them had any significant effect on serum PONase activity. In a study done by Nagila et al. [34] in Indian hyperlipidemic patients, showed that treatment with atorvastatin i.e. 10 mg for 3 months significantly increased PONase activity along with improvement in lipid parameters. Two other studies done on hyperlipidemic patients also revealed beneficial effects of hypolipidemic drugs (atorvastatin, gemfibrozil) on serum PONase activity [19, 20] . However, in all these studies, there were no patients with CAD or AMI. Effect of drug treatment of AMI on PONase activity was assessed by Sentürk et al. [32] and like in our study, they found no influence of drugs on PONase activity. In another study where in CAD patients, effect of 6 weeks rosuvastatin 10 mg/day and atorvastatin 20 mg/day on PONase activity was observed, it was observed that rosuvastatin but not atorvastatin significantly increased PONase activity, though both of them caused similar increases in HDL-C [24] . In summary, serum PONase activity was significantly lower in patients of AMI irrespective of age, sex, BMI, hypertension and lipid parameters like HDL-C and it increased with time after AMI in this population. Whether sudden lowering of PONase activity in a population which already has lower activity, is a risk factor for AMI as in this population, needs to be studied prospectively with adequate numbers.
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